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 CHAPTER IX   BOTTOM SEDIMENT COMPOSITION 

 

A. INTRODUCTION 

 

Lake sediments are important to limnologists because of their role in the determination of 

nutrient levels and productivity in the overlying waters. 

A review of the factors that may affect sediment-water exchange reactions shows that there is 

insufficient knowledge at the present time to predict the extent and, in many cases, the net direction 

of exchange for many compounds in most natural waters.  Lake sediments contain significant 

concentrations of many metals and nutrients.  The lake sediments act as a buffer system for these 

elements to control concentrations in the overlying waters.  The effect of this buffer system could be 

to keep the concentrations in the overlying waters relatively constant even though the concentrations 

of the element in the inflowing waters vary greatly (Lee, 1970). 

One of the most important reactions of this type is the exchange of phosphorus between a 

lake's sediments and the overlying waters as related to the eutrophication of the waters.  Lee (1970) 

states that lake sediments typically contain one to two parts per thousand of phosphorus per kilogram 

of dry sediment. 

Knowledge is particularly lacking on the role of lake sediments in maintaining phosphorus 

levels in water.  It is not known if the sediments of a lake act as a sink in which the majority of the 

phosphorus present is refractory, i.e., not available for exchange reactions, or as a source, 

contributing phosphorus to the lake to sustain plant growth. 

Frink (1967) suggests that the center of a lake acts as a reservoir for both total and available 

nitrogen and phosphorus.  He concludes that nutrients which accumulate in the bottom of a lake as 

eutrophication proceeds constitute a vast reservoir apparently capable of supporting plant growth in 

the event that nutrient input is reduced.  This was the case at Kezar Lake, North Sutton, New 

Hampshire.  Even after phosphorus loading was dramatically reduced from a point source, 

phytoplankton blooms continued on an annual basis.  Phosphorus rich sediments continued to release 

phosphorus into the upper water column supporting a vast population of phytoplankton (Connor and 

Smith, 1983). 
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In addition to phosphorus, metal concentrations in the sediments can play a role in the 

ecological health of a lake.  With the increasing concern of acidic precipitation in New Hampshire, 

lake or pond pH and Acid Neutralizing Capacity (ANC) have become increasingly important to the 

lake's health.  Studies have shown various mechanisms of response of the lake's biota to increased 

acidity, ranging from the direct toxicity of the elevated hydrogen ion concentration to disruptions of 

normal food-chain relations and behavioral patterns of animals.  Biogeochemical cycles in the lake 

may also be affected and, in turn, disrupt the biota.  Recent studies have shown increasing 

concentrations of heavy metals such as manganese, aluminum and zinc as a result of pH depressions 

below five units. 

 

B.  CHEMICAL CHARACTERIZATION 

 

A Wildco KBtm coring device was utilized to extract a 28.0 cm sediment core from the South 

Station of Great Pond and a 23.0 cm core from the North Station.  The cores were sectioned off into 

one centimeter sediment column intervals.  Metals were digested using a CEM Model 81 microwave 

digestion unit and run on an inductively coupled plasma atomic emission spectrometer (ICP).  

Sediment phosphorus concentrations were determined colorimetrically after digestion.  Such 

measurements provide information on deposition rates, toxic metal concentrations, phosphorus 

sediment accumulation, and spatial variability over time. 

When assessing spatial variability of elements throughout the core over time, one must use 

caution.  Iskandar and Keeney (1974) stated that the concentration distribution of any element in a 

sediment profile must be treated cautiously due to mixing of the sediments.  This was reiterated by 

Lee (1970) who stated that at least partial mixing of the sediments occurs for 5-20 cm below the 

sediment surface.  This mixing occurs due to both natural processes and man-induced conditions.  

Natural mixing processes include thermal gradients, wind pressure and waves, organism mobility 

(i.e. insect larvae and worms) and the formation of gas bubbles and pockets.  Man-made mixing 

occurs due to recreational activities (i.e. boating) or artificial mixing of the lake.  In addition to 

mixing, some elements can diffuse upward due to differing gradients in the overlying water.  For this 

reason the general trends in concentrations are more relevant than the segment to segment variances. 
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 Comparison of other lake sediment core analyses performed in New Hampshire are presented in 

Table IX-1.  Summary tables of sediment analyses from Great Pond appear in Table IX-2 and IX-3. 

 

C.  SEDIMENTATION RATES AND SEDIMENT AGE 

 

The relative age of the sediments of New Hampshire ponds are estimated using lead 

concentrations as an indicator.  A typical sediment profile shows lead concentrations increasing with 

depth to a maximum at several inches below the surface, and subsequently decreasing again.  This 

peak corresponds to the introduction and increased use of leaded gasoline during the 1920's and its 

later decline during the seventies with the introduction of unleaded gasoline.  Values from lakes that 

do not have point source discharges usually display these trends. 

 The Connecticut Department of Environmental Protection estimated that 2.0 feet (0.61 

meter) of sediment had been deposited in eutrophic Lake Lillionah between 1955 and 1980.  This 

equals a sediment deposition rate of approximately 1 in. (2.5 cm) yr-1.  Sedimentation in Lake 

Lillionah is unusually high, as compared to most Connecticut lakes, in that Lillionah experiences 

dense summer blooms of blue-green algae and receives indirect discharge of treated wastewater from 

an upstream sewage treatment plant.  Peterson et al., (1973) discusses sedimentation rates for Lake 

Trummen, located in Sweden.  Approximately 40 cm of FeS-colored (black) fine sediment was 

deposited over a period of 25 years, or at a rate of about 0.6 in. (1.6 cm) yr-1.  Lake Trummen was 

also subjected to the discharge of wastewater effluent for many years, and the significance of internal 

nutrient recycling was well documented.  At mesotrophic Stockbridge Bowl, located in Stockbridge, 

Massachusetts, Ludlam (1976) reported a much lower sedimentation rate of 0.12 inches (3.0-3.2 

mm) year-1.  The Maine Department of Environmental Protection assumes an approximate 

sedimentation rate of 0.08 inches (2.0 mm) year-1. 

The North and South Stations depict a typical New Hampshire lead deposition profile.  

Sediment lead increases dramatically at eleven centimeters and again at nine centimeters.  Lead 

shows its maximum peak (North Station)  at four centimeters which is fairly recent.  Lead decreases  

 

 



 

Table IX-1 

Comparison of Surface Sediments (first inch) of Great Pond 

and New Hampshire Lakes and Ponds 
 
Classification 

 
Al 

 
Cd 

 
Cu 

 
Fe 

 
Pb 

 
Zn 

 
P 

 
Eutrophic 

 
 11,945 

 
7 

 
< 20 

 
> 15,000 

 
134 

 
131 

 
2,091 

 
Eutrophic 

 
12,029 

 
14 

 
24 

 
71,548 

 
259 

 
245 

 
2,239 

 
Mestotrophic 

 
14,472 

 
4 

 
24 

 
17,523 

 
199 

 
142 

 
1,759 

 
Mestotrophic 

 
19,278 

 
4 

 
19 

 
18,228 

 
154 

 
127 

 
1,315 

 
Eutrophic 

 
7,660 

 
4 

 
20 

 
7,840 

 
155 

 
105 

 
982 

 
Eutrophic 

 
7,547 

 
5 

 
26 

 
19,136 

 
494 

 
179 

 
1,484 

 
Eutrophic 

 
23,760 

 
5 

 
26 

 
26,460 

 
139 

 
227 

 
2,359 

 
Oligotrophic 

 
16,800 

 
< 4 

 
< 80 

 
13,120 

 
101 

 
80 

 
7,128 

 
Mesotrophic 

 
20,500 

 
1 

 
17 

 
26,000 

 
94 

 
140 

 
4,735 

 
Oligotrophic 

 
25,120 

 
< 24 

 
<80 

 
16,320 

 
98 

 
184 

 
4,530 

 
Mesotrophic 

 
14,921 

 
< 24 

 
< 80 

 
30,595 

 
48 

 
159 

 
7,211 

 
Eutrophic 

 
23,585 

 
< 236 

 
830 

 
16,038 

 
58 

 
6,604 

 
5,569 

 
Eutrophic 

 
16,812 

 
< 30 

 
69 

 
27,525 

 
732 

 
317 

 
10,165 

All values in mg/kg Dry Weight of Sediment 

*Method Utilizing CEM Microwave (except Mn and Tp) 
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in the upper three centimeters which reflects a reduction in atmospheric lead deposition as a result of 

the increased use of unleaded gas. 

 

D.  SEDIMENT METALS AND PHOSPHORUS 

 

Values presented in the following discussion are for concentrations which were measured in 

the sediment, not in the water.  Elevated metal concentrations would not be expected to be measured 

in lake water unless low pH values (below 5.0 units) were commonly measured within the lake. 

1.  Recoverable Aluminum 

 

One of the most abundant elements on the face of the earth, aluminum occurs in many rocks 

but never as pure metal in nature.  Although the metal itself is insoluble, many of its salts are readily 

soluble. 

The toxicity of aluminum to the aquatic biota has been reviewed  extensively with the recent 

interest in the resolublization of aluminum in acidic waters.  Aluminum toxicity does not appear to 

be a significant problem, as long as pH is controlled and residual dissolved aluminum is not allowed 

to reach levels in the area of 50 µg/L.  In areas where lakes have low ANC and acid rainfall is 

significant, lowering the lake pH could cause a sudden increase in aluminum and probable toxic 

effects to the lake biota. 

Aluminum concentrations from the North and South Stations at Great Pond can be found in 

Tables IX-2 and IX-3.  Aluminum values from the North Station of Great Pond ranged from a 

minimum of 9,291 mg/kg (19-20 cm segment) to a maximum of 13,838 mg/kg (4-5 cm segment), 

while the South Station had values ranging from 10,729 mg/kg (19-20 cm segment) to 14,201 mg/kg 

(8-9 cm segment).  Aluminum concentrations in the sediments in both stations remained relatively 

stable throughout the profile, and the North and South profiles are fairly similar when compared to 

one another (Figure IX-1).  

The aluminum values for the first inch of sediment cores from the North and South Stations 

at Great Pond were lower than those found at most other lakes and ponds in New Hampshire (Table 

IX-1). 
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2.  Recoverable Cadmium 

 

In the elemental form, cadmium is insoluble in water.  It occurs in nature largely as a sulfide 

salt.  Cadmium is used in metallurgy to alloy with copper, lead, silver, aluminum and nickel.  It is 

also used in electroplating, ceramics, photography, batteries and insecticides. 

Cadmium levels analyzed from the sediment cores at both lake stations in Great Pond were 

below 15 mg/kg throughout the sediment profiles and remained relatively stable.  As  

Figure IX-2 illustrates, the North Station sediment profiles displayed a minimal increase in cadmium 

from the 19-20 cm segment to the top of the profile, while the South Station displayed a modest 

increase from the bottom to the top of the profile. Maximum cadmium values were observed in the 

upper portion (5 cm or less) of each lake station.  Cadmium levels in the sediment of the North 

Station ranged from 5 mg/kg (19-20 cm segment) to 9 mg/kg (0-1 cm segment) and was slightly 

higher than data collected from other New Hampshire lakes and ponds (Table IX-1).  A similar, but 

slightly higher range in cadmium levels was observed in the South Station sediments with values 

ranging from 6 mg/kg (18-19 segment) to 14 mg/kg (0-1 cm segment).  Cadmium data for the North 

and South Stations is presented in Tables IX-2 and IX-3 respectively. 

 

3.  Recoverable Copper  

 

Copper salts occur in natural surface waters only in trace amounts, up to about 50 ug/L, and 

their presence is frequently due to the use of copper sulfate for the control of nuisance plankton 

species. Copper is used in many alloys, insecticides, fungicides, and wood preservatives.  Copper 

values from the North and South Stations of Great Pond ranged from 10 mg/kg to 27 mg/kg and 

from 10 mg/kg to 28 mg/kg respectively (Tables IX-2 and IX-3).  Copper values increased from the 

bottom to the top of the sediment profile at both lake stations (Figure IX-3), and both profiles were 

fairly similar when compared to one another.  In comparison with other New Hampshire lakes and 

ponds, surface sediments in both the North and South Stations at Great Pond contained levels of 

copper that fell within the observable mean (Table IX-1). 
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4.  Recoverable Iron 
 

Iron is the fourth most abundant by weight of the elements that make up the earth's crust.  

Common in many rocks, it is an important component of many soils, especially the clay soils.  The 

two Great Pond sediment samples were run at two different times. At the time the North Station was 

analyzed by the NHDES chemistry lab, the ICP instrument was apparently calibrated for a lower 

range. The results for the North Station all came out above the calibration curve, and are excluded 

from discussion here.  Iron values for Great Pond sediments are displayed in Tables IX-2 and IX-3, 

and Figure IX-4.  The Great Pond South Station had a highly variable range of iron, from 18,583 to 

72,427 mg/kg.  The South Station had minimum iron values in the deepest sediments with 

concentrations increasing to the maximum at the surface sediments.  The Great Pond South Station 

contained high levels of iron in surface sediments when compared to other lakes and ponds sampled 

in New Hampshire (Table IX-1). 

 

5.  Recoverable Lead 
 

Leaded gasoline introduced in the 1920's has been largely blamed for the increased levels of 

lead observed in the aquatic environment, while the introduction of unleaded gasoline in the early 

1970's was responsible for a reduction in atmospheric deposition.  The solubility of lead compounds 

in water depends heavily upon pH.  Fish kept in water of pH 6.0 concentrate almost three times more 

lead than fish kept in water of pH 7.5.  This is of startling significance for the northeast where lake 

waters are generally poorly buffered and acid precipitation is further decreasing the pH in many of 

our lakes and ponds. 

Recoverable sediment lead concentrations ranged from a low of 19 mg/kg in the South 

Station to a maximum of 396 mg/kg in North Station sediments.  The North and South Stations at 

Great Pond displayed a wide variance in lead content with depth.  Except for a strange spike seen at 

the bottom of the South Station, the deepest segments had minimal values and the general trend 

showed a gradual increase until the 6-7 cm segment in the South Station and the 4-5 cm segment in 

the North Station, at which point the concentration rose sharply (Tables IX-2 and IX-3, Figure IX-5). 

 A comparison of the surface sediment lead concentration of Great Pond with other lakes and ponds 
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in New Hampshire shows greater than average levels in the North and South Stations (Table IX-1). 
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6.  Recoverable Zinc 

 

Compounds of zinc are soluble in neutral and acidic solutions, so that zinc is readily 

transported in most natural waters and is one of the most mobile of the heavy metals.  Zinc is used 

for the anti-corrosive coating in galvanized metals and rubber products. 

Most of the zinc introduced into the aquatic environment is partitioned into the sediments by 

sorption onto hydrous iron and manganese oxides, clay minerals, and organic materials.  All zinc 

forms are potentially toxic if they can be sorbed or bound by biological tissue. 

Sediment zinc concentrations ranged from 80 mg/kg to 280 mg/kg in the South Station and 

from 52 mg/kg to 289 mg/kg in the North Station of Great Pond (Tables IX-2 and IX-3).  As with 

most other chemicals analyzed, zinc levels for both lake stations had a general increase in 

concentration from the deepest segments to the surface of the sediment profiles (Figure IX-6), but 

with a maxima 5 to 8 cm. below the surface.  Comparison of values with the surface sediments of 

other New Hampshire lakes and ponds reveals that Great Pond had average concentrations of zinc in 

the uppermost layers of the sediment profiles collected at both lake stations (Table IX-1). 

 

7.  Recoverable Phosphorus 

 

The measurement of phosphorus concentration in a lake gives an indication of the extent of 

nutrient enrichment.  The amount of phosphorus in New Hampshire lakes determines the level of 

plankton growth.  Lake sediments often act as sinks and accumulate high concentrations of 

phosphorus over long periods of time.  Phosphorus which has accumulated in the deep water 

sediments of a lake may be released into the water when the physical, biological and chemical 

conditions become conducive for its release.  Usually, this release occurs during the summer months. 

 If stratification is weak, this phosphorus migrates to the metalimnion to be utilized by the plankton 

community; otherwise, much of this hypolimnetic phosphorus is distributed to the entire water 

column during the fall overturn. 
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The identification of sediment phosphorus concentration is important to the phosphorus 

budget.  Spatial distribution of sediment phosphorus with depth is important in the evaluation of lake 

restoration techniques and their feasibility.  For example, the uniform distribution of high 

concentrations of phosphorus throughout the sediment column would obviously make dredging an 

unfeasible restorative technique.  However, sediment sealing with aluminum as a restorative 

technique might be a solution for this type of problem. 

Most studies show that lake sediments typically contain 1000-2000 mg/kg of recoverable 

phosphorus.  In twenty-seven borderline mesotrophic/eutrophic lakes located in Massachusetts, the 

mean concentration was 1,268 mg/kg, while concentrations of recoverable sediment phosphorus in 

fifteen New Hampshire lakes ranged from 100 to almost 14,000 mg/kg.  Sediment phosphorus 

concentrations in Lake Washington, Washington State, (Edmondson, 1972) ranged from 1000 to 

6000 mg/kg while the range in Lake Shagawa, Minnesota, was 1000 to 5000 mg/kg (Larson et 

al.,1975). 

The minimum value of sediment phosphorus in the core collected from the North Station at 

Great Pond was 1,489 mg/kg (19-20 cm segment), while the maximum was 2,409 mg/kg in the 2-3 

cm segment.  The range of phosphorus values in the South Station core was similar but slightly 

higher, with a minimum value of 1,707 mg/kg (15-16 cm segment) and a maximum of 2,443 mg/kg 

in the 2-3 cm segment (Table IX-3).  The trend of the sediment phosphorus concentration profile 

from both stations is similar to its metal profiles, with minimal values in the deepest segment and 

increasing to the surface layer.   The higher phosphorus values observed in the South Station reflect 

the differences in morphometry and bottom substrate composition at each lake station. 

The surface sediments from both Great Pond sample stations were similar to the mean 

phosphorus concentrations of other New Hampshire lakes and were well within the range 

(range=982-10,165) of other sediment phosphorus concentrations analyzed in New Hampshire 

(Table IX-1). 
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